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AGE DETERMINATION OF ZIRCON CRYSTALS FROM CEYLON

By

D, Gotitfried, F. Senftle, and C. Waring

ABSTRACT

Age determinations have been made on 21 crystals of gem quality
zircon from Ceylon which are believed to have been derived from pegma-
tites of pre-Cambrian age. The age calculations are based on the
determination of alpha activity by thick-source alpha-counting and on
the spectrographic determination of lead. The lead-alpha activity
ratios on the 21 zircon crystals give consistent ages of approximately

570 million years.

INTRODUCTION

Zircon crystals from Ceylon have long been known to gemmologists
for theilr abundance and high quality as semiprecious stones., Because
of extraordinary variations in physical properties, such as the indices
of refraction and density, they have captured the attention of mineralo-
gists for almost the last 100 years. However, very little is known
regarding their age, Wadia and Fernando (1944) suggest a pre-Cambrian
age for the pegmatites from which the zircon of the gem-bearing gravéls

is believed to have been derived.



ANALYTTICAL PROCEDURES

The alpha-particle emission of each sample was measured by a thick-
source alpha-counting method in an ionization chamber. The counting
rates,rcorrected for absorption, geometry, and background counts, were
converted to units of alpha per milligram per hour assuming a theoretical
absorption factor of 2.22 x 10-3 for zircon. For each sample a suffi-
cient number of counts were recorded to reduce the probable counting
error to less than 2 percent.

The lead content of each sample was determined quantitatively by a
recently developed spectrographic method (Waring and Worthing, 1953).
This method is applicable to samples containing as little as 1 ppm lead
with an error of less than 10 percent.

Fluorimetric uranium analyses were made on 12 of the zircon samples
and are believed to be accurate to + 5 percent.

Equivalent uranium may be estimated from the alpha counts using the
following equation:

eU (percent) = 2,75 x 107% 1
where I is the activity index in q/mg/hr. The ratio, U/eU, (column 5,
table 1) ranges from 0.8% to 1.17. The average of the ratios, 1.0l, indi-
cates that the alpha activity is due principally to uranium. A small
amount of thoriqﬁ may be present in those samples where the U/eU ratio is

considerably less than 1.00.
AGE CALCULATICNS

The ages were determined by a modificaﬁion of the lead-alpha acti-

vity method described by larsen and others (1952). The modifications



Table l.-=-Age of zircon from Ceylon.

lead Uranium Age Corrected
Sample o/mg/hr (ppm) 1/ (ppm) 2/ U/eU (M.Y.) 3/ age (M.Y.) 4/
1 103 22 330 1,17 526 554
433 150 37 k1o 0,99 602 603
2 273 65 730 0.97 583 580
3-16 352 80 558
5=1 380 88 568
k.36 430 91 521
3=11 533 115 530
3 643 150 1470 0.83 571 546
3-42 649 143 542
2-37 652 148 556
2-13 850 196 566
b 882 205 2470 1.02 569 575
2-18 913 200 2300 0.92 539 527
2-23 985 227 565
6 1185 275 3580 1.10 569 587
2-17 1245 270 3180 0.93 532 524
7 1583 392 4760 1.09 604 623
9 1815 450 4880 0.98 604 603
1-2 2040 kho 530
10 2197 529 6450 1.06 587 602
1-26 2210 498 6280 1.03 553 560
Average 1.0l 561 + 26 57h + 32

;/ Determined spectrographically by C. L. Waring, U. S. Geological

Survey.

g/ Determined fluorimetrically by F. Cuttitta, U. S. Geoclogical

survey.

3/

(1) and (2).
ﬁ/ Age in millions of years, corrected for possible thorium,

Approximate age in millions of years, calculated from equations



used will be described more fully in another paper. The approximate age

was first calculated for all the specimens from the formula

t = 2600 Pb
Io4
vevooce (l)
where t is the age in millions of years, Pb is the lead content in parts
per million and ¢ is the alpha activity per milligram per hour., The
constant, 2600, is based on the assumption that these zircon samples
contain little or no thorium. As these ages are older than 300 million
years, a correction was made similar to that described by Keevil (1939).

Thus

t =t - 1/2 kt,2
vescoo (2)

where t; is the approximate value given by equation (1) and k was chosen
as 1.90 x 10”* for these specimens, the Th/U ratios being very close to
ZEero.

As there may be a minute amount of thorium in some of these speci-
mens, more accurate determinations were made on 12 of the samples. By
making a uranium analysis, thorium can be determined by difference to
yield a more accurate value for the constant in equation 1 and for k in
equation 2, if thorium is present.

The ages based on equations (1) and (2) for all the zircon samples
are shown in table 1. The ages for 12 zircons on which uranium analyses

have been made are shown in column 7.
DISCUSSION

The possible loss of uranium, thorium, their radicactive daughter

products, and lead by natural leaching or other geologic processes must



be considered for the suite of samples. Several samples of varying lead
and alpha-activity content have been acid treated in 1:1 agqua regia at a
temperature of 80°C for half an hour. Alpha activity and lead deter-
minations on the acid-treated material showed no measurable change. It
is therefore assumed that natural leaching has not altered the Pb/U
ratio of the zircons. There is good agreement of the ages over the

range of samples which tends to bear out this assumption. All the lead
is believed to be of radiogenic origin. The presence of any original
lead in the zircon structure, that is, lead present at time of crystalli-
zation of the zircon, should show up in a sample of very low lead content.
For example, in sample 1 which containg 22 ppm of lead, the result would
be an appreciably greater age than the average if significant amounts of
original lead were present.

The average age of the suite of 21 zircon erystals as determined by
the Larsen method is 561 million years and the age of the 12 samples
corrected for possible thorium is 574 million years., The age of the gem-
type Ceylon zircon is probably about 570 million years. A geologic
time table compiled by Marble (1950) shows that this value is equivalent
to late pre-Cambrian age,

Holmes (1927) obtained 585 million years from the average lead-
uranium ratios in a thorianite from Ceylon. In his calculations he used
the approximate formula for young rocks. Using the correction (equation 2),
this age would now be calculated as approximately 565 million years.

Nier (1939) extracted the lead from a thorianite sample from Ceylon
and analyzed it isotopically. The results of this analysis--531, 461,

and 485 million years from the Pb208/y238 pp208/mp232 gng pp207/pp20S



ratios, respectively--agree within 10 percent of the Pb208/y238 gge,

The authors are indebted to Professor Iarsen for guidance and help-
ful suggestions, and to Dr. H. Holland for supplying the samples and for
his constructive criticism.

This work was done on behalf of the Division of Research of the

U, 8. Atomic Energy Commission.
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